Objectives-Without resistance tests, deciding which patients with virological failure should switch to second-line antiretroviral therapy (ART) is difficult. The factors influencing this decision are poorly understood. We assess predictors of switching regimens following virological failure.
Introduction
Patients with antiretroviral treatment (ART) failure are increasingly encountered in resource-limited settings. [1] [2] [3] Rates of switching to second-line ART are low and concerns have been raised that patients may be experiencing long periods with virologic failure. [4] [5] In settings without access to resistance tests more evidence is needed to refine the monitoring strategy for detecting treatment failure and switching regimens. 6 Laboratory monitoring (CD4 count +/− viral load [VL] ) improves immune recovery 7 and reduce longterm morbidity or mortality; [8] [9] however the optimal use of these tests is unclear. [9] [10] Virological monitoring may conserve first-line regimens by detecting non-adherence before viral resistance develops, 11 limiting resistance accumulation through earlier detection of virological failure, [12] [13] and reducing transmission of resistant virus. 14 While late switching, with complex resistance, appears to have minimal effect on early second-line outcomes, the role of virological monitoring in determining longer-term outcomes is yet to be determined. 15 Resistance, however, may not be the primary aetiology in all patients with virological failure and switching early, without adequately excluding non-adherence, could rapidly exhaust available treatment options and drive up programme costs. 16 The optimal adherence support, monitoring frequency, acceptable duration of viraemia, and virological threshold at which to switch regimens, whether from a clinico-immunological, resistance or cost-effectiveness perspective, are ill-defined. 12, 14, [17] [18] [19] [20] [21] [22] The World Health Organization (WHO) provides pragmatic recommendations; in countries without resistance tests but with routine virological monitoring, adherence interventions should be instigated following a first raised VL. Patients considered adherent with confirmed VL >5000 copies/ml should switch regimens. 23 Few studies have described programmatic practice of this approach. 5, [24] [25] In South Africa, the country with the world's largest antiretroviral programme, six-monthly virological monitoring is the standard of care, routine resistance testing is not available and current national guidelines (2010) advocate switching at a VL threshold of 1000 copies/ml. 26 In a multi-site treatment programme we aimed to describe rates of virological failure, subsequent outcomes, and factors associated with a decision to switch to second-line ART during the viraemic episode.
Methods

Study design and setting
This observational retrospective cohort study used prospectively-collected clinical data from the Aurum Institute ART programme, South Africa. The workplace component comprised 56 clinics serving employees of large, predominantly mining companies. The community programme had 81 urban and peri-urban private general practitioner and non-government organization clinics serving patients with limited resources. In both programmes HIVrelated treatment was provided free of charge.
Ethics statement
This study was approved by the Research Ethics Committees of the University of KwaZulu Natal, South Africa and the London School of Hygiene and Tropical Medicine, UK. Access to the programme database was granted by Aurum Institute. This database contains clinical data collected as part of routine clinical care for the purposes of monitoring and evaluation. The workplace employers also provide additional data on reasons for leaving the programme through employers' records and hospital death registers, and dates of death are confirmed through programme links with the National Death Register. The Research Ethics Committees approval of this study waived the need for patient consent as data had been collected as part of routine practice, and all data we received was both retrospective and anonymised.
Clinical management
In the workplace, patients were eligible for first-line ART (efavirenz [EFV] 3 . Treatment monitoring involved three-monthly visits, with CD4 count and VL monitored at baseline, six weeks and six-monthly intervals thereafter. Programme guidelines recommended intensifying adherence counselling following a first raised VL with healthcare workers trained in identifying appropriate, patient-centred, interventions e.g. treatment partners, medication alarms. If subsequent VL remained high a switch to second-line ART was recommended; the threshold triggering a switch changed from 5000 copies/ml to 1000 copies/ml over the course of the programme. Second-line ART in the workplace programme comprised abacavir (ABC), didanosine (ddI), boosted lopinavir (bLPV), and in the community programme AZT, ddI and bLPV. All community clinics were doctor-led; however some workplace clinics were nurse-led with doctors consulted concerning complications, including virological failure.
Study population
Patients ≥15 years old commencing first-line ART between 1/1/2003 and 31/12/2008, and with at least six months of follow-up were eligible for inclusion. Clinics with <50 patients on first-line ART were excluded.
Data management
At each visit, healthcare workers used standardised data collection forms to record clinical and programme data, e.g. WHO staging diagnoses, adverse events, prescriptions, reported reasons for leaving the programme. Self-reported adherence was recorded as part of routine data collection; however no data was collected on adherence interventions implemented as part of the adherence support package. Data were entered into a central database with laboratory data transferred electronically. Where civil identification numbers were available, deaths were verified through the National death register; and in the workplace, through employment records and hospital death registers.
Outcomes
Virological failure on first-line ART was defined as the second of two consecutive (≤9 months apart) measurements, both >1000 copies/ml and occurring ≥6 months after commencing therapy. Patients were defined as having viral re-suppression if a subsequent VL measurement on first-line ART was <400 copies/ml, and to have switched to second-line ART if a protease inhibitor [PI]-based regimen was prescribed. If the patient died within three months of the last visit, death was determined to be the primary reason for loss to the programme. Patients with no clinic contact for ≥6 months, and with no known reason for leaving the programme, were defined as lost to follow-up three months after their last visit.
Statistical analysis
Descriptive cohorts-Rates of virological failure, overall and by clinic, were described for patients commencing first-line ART. Analysis was restricted to patients with ≥1 VL measurement after six months of first-line ART with follow-up right censored at earliest of first episode of virological failure, death, loss to programme or end of follow-up (31/12/2009, defined as administrative censoring). Analyses of viral re-suppression and switching to second-line ART following first virological failure were restricted to patients with at least one episode of virological failure prior to 30/6/2009, allowing at least six months potential follow-up for events to occur. Patients entered this analysis on date of second consecutive VL measurement >1000 copies/ml with follow-up right-censored at earliest of event of interest, death, loss to programme or end of follow-up (31/12/2009 ). In determining rates of switching, follow-up was right censored on date of re-suppression (and vice-versa). Taking account of their competing risks, the cumulative incidence at 12 months of switching regimens, and viral re-suppression and death on first-line ART were described. 27 Visit dataset-for patients developing virological failure prior to 31/12/2009, factors associated with switching to second-line ART at the next, and subsequent, clinic visits were assessed by constructing a visit dataset. Patients with ≥1 visit following first or subsequent episodes of virological failure were eligible for inclusion. Visits of interest were those at which the healthcare worker believed the patient to be viraemic and made a decision to continue first-line ART or switch to second-line ART (figure 1); thus we included visits occurring between >3 days following date of virological failure to ≤3 days following date of viral re-suppression on first-line ART. Visits after date of switching to second-line ART were excluded. Our rationale was based on discussions with healthcare workers, who reported that a minimum of three days were required for samples to get to the laboratory, be processed and for results to be made available. Therefore in the 3 days following venesection healthcare workers would be unaware that the patient had fulfilled a definition of virological failure or achieved viral re-suppression.
A switch to second-line ART was defined as the first visit a PI-regimen was prescribed. Covariates were updated using information available to the clinician at the time of the visit. VL and CD4 count were defined as the closest available result from a sample taken 7 months to 3 days before the visit. Change in VL and CD4 count as percentage change in absolute values between the last two available results (within 2-28 weeks of each other, and >3 days before the visit). Duration of viraemia as time between second VL >1000 copies/ml and date of visit. Change in weight between last and current appointment, where appointments were greater than one week apart was measured in kg/month. Patients with no clinic contact in preceding 4 months were defined as having delayed clinic attendance. For each clinic, the clinics' rate of virological failure, as described above, was used as proxy measure of their experience in managing virological failure.
Logistic regression, using random effects to control for individual-and clinic-level clustering, was used to explore predictors of switching to second-line ART at any given visit. A backward stepwise approach was taken with covariates included and retained in the multivariable model if p<0.2 (likelihood ratio test [LRT]). Co-linearity was assessed by comparing standard errors between successive models. To explore clinic-level clustering we looked to see if clinic factors, although not associated with switching in the univariable analysis, would account for clinic-level clustering in the final model. Sensitivity analyses were performed with the final model restricted to patients known to be ART-naïve on commencing ART, and to those with virological suppression prior to failure; and also stratified by time between the visit and diagnosis of virological failure (<12 vs. ≥12 months), and programme. Statistical analyses were performed using Stata version 11 (STATA Corporation, College Station, TX)
Results
In total, 10,402 out of 13,537 patients starting first-line ART had at least one VL measurement after six months of first-line ART ( Predictors of switching to second-line ART 345 (18.5%) patients had no recorded visits following virological failure (156 administrative censoring, 117 lost to follow-up, 31 died, 27 other, 14 transferred out). 8860 visits were recorded on the remaining 1522 patients, from 63 clinics. 2806 visits occurred during periods of re-suppression, or following switch to second-line ART, resulting in 6054 visits on 1495 patients from 63 clinics in the visit dataset (figure 1). Visits occurred either during one episode (n=1441 patients), two episodes (n=52 patients), or three episodes (n=2 patients) of virological failure, with a median of 3 visits/episode (IQR: 2-5). Two patients had no visits recorded during the first episode of virological failure; however visits were recorded during subsequent episodes. 88.4% (1320/1493) of patients visited the clinic within six months of date of first virological failure (table 1). During the viremic episodes, the median time-interval between visits was 2.8 months (IQR: 1.4-3.5).
There was strong evidence of within-clinic clustering for switching outcome (LRT, p<0.01), with weak evidence of within-individual clustering (LRT, p=0.08). Random effect analyses which accounted for both clinic-and individual-level clustering did not differ from analyses accounting for clinic-level clustering alone therefore the simpler models are presented. On univariable analysis, switching was associated with ART exposure pre-programme, calendar year of visit, visit number during viremic episode, delayed clinic attendance, current CD4 and VL result, and CD4 and VL trend preceding the visit (table 2) .
Multivariable analysis (table 2) showed that independent determinants of switching included the clinic visit being the third or subsequent visit during the viremic period, the visit occurring in 2008 vs. earlier years, the patient being ART-experienced pre-programme, or the most recent VL result being log 10 ≥4, or CD4 count <100 cells/mm 3 . Patients with no clinic contact in the 4 months preceding the visit, or declining VL (trend), were less likely to switch regimens. In the final model there was strong evidence of clinic-level clustering (LRT, p<0.001) which remained after accounting for programme, clinic size and clinic rate of virological failure. When the final model was stratified by duration of virological failure or programme; or restricted to those known to be ART-naive or with prior viral suppression, the direction of associations remained the same (web appendix, tables 2-5).
Discussion
In this large multi-centre ART programme in South Africa, despite 6-monthly virological monitoring and guidelines recommending a switch after confirmed virological failure, rates of switching to second-line ART were low. Many patients experienced extended periods of viraemia following virological failure, in part due to relatively infrequent VL monitoring and clinic visits. However, other factors including delayed clinic attendance, VL (magnitude and trend), and patients' immune status appeared to influence healthcare workers' decisions regarding when to switch regimens.
Although current programme guidelines advise intensifying adherence interventions and switching regimens if a second VL remains high, 23, 26 this rarely happened in practice. Instead, following a second raised VL, many patients experienced prolonged periods of viraemia with the rate of viral re-suppression on first-line ART approaching the rate of switching to second-line ART. By the end of follow-up, nearly a quarter of patients remaining on first-line ART were virologically suppressed. Others report high levels of viral re-suppression following a single raised VL, 25, [28] [29] [30] [31] however these results highlight that even after a second raised viral load, viral re-suppression remains possible due to, for example, a change in patients adherence behaviour or removal of a drug interaction. Excluding non-adherence as a cause of viraemia is challenging; current adherence measurement tools are inadequate 32 and strategies to improve adherence can take time and are often context-specific, requiring multi-dimensional interventions. 33 These difficulties may be compounded by weaknesses in the healthcare system, for example out-of-date patient contact details, lack of an appointment system or outreach workers may create delays in detecting and tracing patients with raised viral loads or missed appointments. 34 When deciding to switch to second-line ART, healthcare workers appear to use the magnitude and trend in VLs, prior ART experience and clinic attendance to evaluate the probability of resistance as opposed to non-adherence. As reported elsewhere, patients with high VLs were more likely to switch regimens; [35] [36] [37] although there is a suggestion in our study that healthcare workers were less likely to switch patients with a VL >5 log 10 as compared to 4-5 log 10 , perhaps recognising that these patients have a lower likelihood of resistance and may be non-adherent . [38] [39] [40] Patients whose VL had fallen to 400-1000 copies/ ml or whose VL had declined by >50%, suggesting improved adherence, and patients with delayed clinic attendance who were likely to have run out of medication were less likely to be switched. A decision not to switch patients in whom adherence interventions are working or where clinic appointments have been missed appears rational.
Patients with a low CD4 count were more likely to switch to second-line ART, confirming findings from other studies. 5, [35] [36] [37] 41 A low CD4 count may reflect immunological progression occurring as a result of viral replication due to treatment interruption, nonadherence, or resistance. [42] [43] There appears to be no consistent relationship between current CD4 count and odds of detecting resistance. 38, 40 This may in part relate to the mutations studied; M184V, a mutation which emerges early has been associated with higher concurrent CD4 count, [44] [45] while some [46] [47] but not all studies 44, 48 have demonstrated an association between low CD4 count and thymidine analogue mutations. Regardless of the reason, patients with a low CD4 count are at high risk of short-term clinical progression, 19, 49 and it may be this factor in itself which prompts a decision to switch to second-line ART.
The frequency of clinic visits contributes to prolonged viraemia, with results from one visit only available to influence decision-making at the subsequent visit. One-fifth of patients had no record of clinic attendance following confirmed virological failure, therefore healthcare workers had no opportunity to assess and instigate appropriate interventions. Interestingly, duration of viraemia at the time of visit was not associated with switching regimens, but number of visits was. Regardless of duration of viraemia, healthcare workers may require repeated visits to exclude alternative causes of viraemia and ensure the patient is engaged in care.
Rates of switching and re-suppression varied markedly between clinics, supporting observations by others. 4, 36, 50 This heterogeneity was not accounted for by the individual or clinic-level variables measured. Others have demonstrated the role of contextual and programme factors on the timing of ART initiation, 51 however their influence on the timing of the switch decision is not fully understood. 52 Factors such as variations in workload, available adherence support measures within the clinic, procedures for tracing of patients who have missed appointments, and the influence of contextual factors on individual healthcare workers' and patients decision-making regarding virological failure needs explored.
While other studies in resource-limited settings have reported on rates and predictors of switching, these are largely from specialist centres, and describe rates of switching following initiation of first-line ART, evaluating predictors either from this time-point or at 6 months. 4, [53] [54] [55] In contrast our analysis describes rates of switching in patients with virological failure, and explores determinants of switching at the time decisions are made i.e. clinic visit. By taking this approach, rather than a time-to-event analysis, we have avoided the potential bias introduced by competing risks of viral re-suppression, and interval censoring due to frequency of visits. While some visit records may be missing, we do not believe this will introduce bias but rather weaken associations.
This study was conducted using routine programme data and while reasons for stopping treatment, including switching regimens were available, reasons for continuing a failing regimen were not. We were unable to fully explore the role non-adherence might have on the timing of the switch decision as our only available measure of non-adherence was patients' self-report. This is recognized to be a sub-optimal measure, 32 and was often missing. In addition other factors, not captured in routine reporting, may affect decisionmaking e.g. patient's readiness to switch regimens, healthcare workers' concerns regarding limited future regimens and experience in prescribing second-line ART, or health-system factors. [52] [53] [54] [56] [57] [58] Finally, some patients may have switched to bPI for reasons other than treatment failure e.g. toxicity. In a study of the same cohort, the majority of patients switching to second-line ART whilst viraemic did so for treatment failure; 59 we therefore believe there is minimal misclassification in our outcome measurement.
Given the large numbers of people living with HIV in sub-Saharan Africa, the need for lifelong treatment, the high cost of second-and third-line drugs, and limited resources, it is vital that the currently available ART regimens are used effectively. These results highlight that even in programmes with access to virological monitoring healthcare workers encounter difficulties in determining which patients are likely to have resistance and should switch regimens, and which need further adherence support. Current tools for measuring nonadherence are inadequate 32 and alternative approaches, including targeted resistance testing warrants further investigation. 60 For some patients attempts to improve non-adherence will be unsuccessful; patients will remain viraemic and at risk of resistance accumulation. Switching such patients to a bPI regimen, which is more tolerant of non-adherence, is one strategy; however the cost-effectiveness in resource-limited settings needs explored. Evidence to support decisions, together with clear algorithms for the management of virological failure, particularly where there is ongoing sub-optimal adherence are needed; this becomes particularly pertinent in light of increasing task-shifting of HIV care to nurses and field-workers.
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